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Tevatron in Run 2
A large increase in integrated
luminosity expected for CDF/D0
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Increase in center-of-mass energy 
from 1.8 to 1.96 TeV

Big effect on High-E   Jet Physics!T

Main Injector initial goal -1-232 s cm 10

+ additional factor 2 from recycler…..



Inclusive Central Jet Cross Section 

Data over ~7 orders of magnitude
Run1a and 1b results consistent ..

Observed deviation in tail ……..
is this a sign of new physics ?

7.0 || 1.0 jet <η<



SM explanation (gluon at high-x)

Important gluon-gluon and 
gluon-quark contributions at high- TE

Gluon pdf at high-x not well known…
…room for SM explanation….



Fits to Tevatron Jet x-sections

Ratio to new CTEQ6 gluon pdf’s:

CTEQ5HJ 

CTEQ5M

Big uncertainty remains for   high-x 
gluons, and high- ET jet cross section

Best fit to CDF/D0 central jet cross 
sections provided by CTEQ5HJ pdf’s 

…but this is not the central fit; extra 
weight given to high-ET data points

…need a more powerful sample!



Jets Production in Run 2

Run 1
Run 2a
Run 2b
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Run 2 measurements will 
extend the covered  
region in E   and ηT

Forward-Forward and Forward-Central 
Dijet measurements provide 

sensitivity to gluon distribution

Tail of central jet cross section……
...place to look for new physics

New jet algorithms 
will be explored   

…now accumulating large samples of jets…..

Jets per GeV

Jets per GeV



Central Dijet Event from Run 2

Jet 1 :              GeV 

Jet 2 :              GeV

403ET =

322ET =

Run 2 Jet Energy Calibration in progress

In the central calorimeter (|η|<1.0) we 
reproduce the Run I results within ~5%

Raw values!!



New CDF Plug Calorimeters
Scintillator tile + lead/steel design: 
Fast ! plus  better sampling fraction 
than Run I gas detector

Same technology over full solid angle 
to |η| = 3.6

It will allow  precise forward-jet 
measurements  essential to

constrain the gluon pdf at high x

η∼2



First look at Run 2 Jet Distributions

Cone algorithm with R=0.7…………..plan to explore       algorithm

New Physics?

Pdf Control Region

TK

Raw



3-jet Production in Run 1 vs NLO QCD
Inclusive 3-jet sample using 
cone algorithm with R=0.7 and  
requiring (Lab frame):
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Dalitz variables in c.m.s of 3-jets

NLO prediction with CTEQ3  3-jet data
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Detailed comparison with NLO QCD

pb (syst.)  (stat.) 2  466 206
71-

jets3 +±=σ Consistent with NLO QCD
402 ± 3 pb



Study of the Underlying Event at CDF

Proton AntiProton

Multiple Parton Interactions

PT(hard)

Outgoing Parton

Outgoing Parton

Underlying EventUnderlying Event

A typical Tevatron dijet event consists of :

• hard interaction 
• initial/final gluon radiation
• secondary semi-hard interactions
• interaction between remnants

Underlying event contribution must be 
removed from the jets before comparing 
to NLO QCD predictions 

Precise jet measurements will
require good modeling of the 
underlying event

Interplay between pQCD and non-pQCD physics……



Charged Particle Multiplicity

Charged Jet #1
Direction

∆φ

“Toward”

“Transverse” “Transverse”

“Away”

Nchg versus PT(charged jet#1)
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cone algorithm (R=0.7) in η−φ space 
using tracks with 

1  ||    GeV, 5.0  p tracktrack
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jets are sorted in P  where 

1  ||      pP jet

tracks

track
T

jet
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Jet dataMB data

φ space around the leading jet
is divided in three regions

transverse region sensitive to 
soft underlying event activity

Mean track multiplicity vs leading jet P T



“Transverse Region” vs Pythia 6.206
"Transverse" Nchg versus PT(charged jet#1)
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Pythia 6.206 (default)
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Tuned PYTHIA 6.206
PARP(67)=1

Tuned PYTHIA 6.206
PARP(67)=4

Similar studies very important for Run 2 to
reach the desired precision in jet x-sections

Pythia with default parameters
underestimates the amount of radiation 
in the transverse regions

Sensitivity to pdf’s and 
amount of initial state radiation

Good description of the underlying event 
after tuning the amount of initial state 
radiation and after selecting CTEQ5L pdf’s



Study of Jet Shapes in Run 2 Data

• Selected inclusive dijet
sample (16 pb-1) using cone 
algorithm with R=0.7

• By definition, Ψ(r=R) = 1
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Old fashion measurement…….study of sub-jets using K   algorithm still to come…T



Jet Shapes versus MC HERWIG

• Measurements at the 
calorimeter level compared 
to HERWIG+CDF detector 
simulation

• Jets are narrower as             
increases (no significant 
dependence on η )

• HERWIG predicts jets  too 
narrow at low- and high-η  
(due to underlying event?)
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Shapes with calorimeter and tracking

• Measurement performed for 
central jets with good 
Central Tracker (COT) 
coverage

• Excellent agreement 
between calorimeter and 
tracking results

• HERWIG agrees with data

Top/Higgs analyses need similar measurements for b-tagged jets

7.0 || 1.0 jet <η<



W+jet(s) Production at CDF 
One of the most relevant 
processes at Tevatron:

Stringent test of QCD NLO predictions

Background for Top/Higgs Physics

Reasonable agreement with LO 
(but large scale dependence)

incl. W+n jets

LO program interfaced to Herwig 
for parton shower and hadronization 
(…..enhanced LO QCD prediction….)
describes the mean features of the data

Jet spectra

Z+jetsRun 1

Run 1



New generation of W+multi-jet programs:

Enhanced LO QCD also describes
invariant mass of leading 2 jets

..ALPGEN,COMPHEP,GR@PPA,MADGRAPH,MCFM…

Dijet inv. mass

NLO for W+2jets now available…

….accumulating big sample of W’s….5547                  Candidates in 10 pb-1ν→  e W

Run 2 data will allow  precise 
comparisons to NLO calculations Run 1

Run 2

W+jets Prospects for Run 2



Summary and Outlook

• CDF  is ready for physics analyses and starts now accumulating 
large samples of interesting events (jets, W/Z’s…etc) 

• Precise jet measurements will be done….essential for a future 
Tevatron/LHC  new-physics discovery

• Tevatron measurements will validate NLO programs

• CDF/D0 at the energy frontier until the start of the LHC in 2007-8

Very exciting and important Jet Physics program at CDF II


